Background:
Introduction
It is well established that physical activity (PA) is an important determinant of health and well-being in later life [1, 2, 3] . National guidelines on desirable PA levels for older adults propose a minimum of 150 minutes of moderate intensity activity weekly which may be broken down into 10 minute bouts and is achievable by walking [4] . Objective assessment of PA levels by accelerometry consistently demonstrates that the vast majority (95%) of people aged 65 and older do not achieve this target level [5, 6] :
self-reported achievement is more favourable, with approximately 15% reporting achievement of the target [7] . Factors associated with PA uptake for older people include the perceived health benefits, belief that exercise can promote/maintain health, enjoyment, social engagement, social support and personal benefits such as increased confidence. Key barriers include misunderstandings about the value of exercise in later life; the notion that people were 'too old' to benefit from exercise, and concerns about exercise exacerbating existing health problems and lack of social support [8] [9] [10] [11] [12] .
Given the low PA levels and demonstrable health benefits for older people, there is a clear public health challenge to be addressed in terms of increasing PA. Factors such as health, psychological factors, social support and the physical environment are associated with PA in later life but only gender (males being more active), age (younger old adults being more active), body mass index and exercise self-efficacy are identified as potential PA determinants [13] , although the poor methodological quality of many studies, the heavy reliance on self-reported measures to determine PA levels and the need for greater use of objective measures of activity has been reported [14] .
A range of interventions have been developed to increase PA levels among older people aimed at those with specific risk factors such as falls or heart disease, those living in care homes or the general population (15) (16) . The methods for delivery of PA interventions are varied: individual or group based; using expert or peer leaders and located in health of recreational venues [17] . Psychological theory has been used to develop components of interventions to support behaviour change including motivational techniques, goal setting and enhancing general and/or exercise self-efficacy; self-developing strategies for embedding activity within an individual's daily routine; monitoring achievement of goals and developing strategies for 'relapse prevention' [17] . Monitoring activity levels via pedometers has demonstrated that adults can increase their daily step counts over a period of 3-6 months [18, 19] and emerging evidence for older adults that these devices can support PA increases when embedded within a broader based PA intervention [ 19, 20] .
The PACE-Lift trial was a randomised controlled trial designed to evaluate the effectiveness of a primary care-based walking intervention using pedometer and accelerometer feedback combined with practice nurse PA consultations. To our knowledge, PACE-Lift is the largest pedometer-based walking intervention for older people recruited from a population-based sample and the first to measure objectively time spent in moderate to vigorous physical activity (MVPA), in line with national guidelines. Our aim was to see if this individual-based intervention increased PA levels as measured by step count and time in MVPA in 60-75 year olds over three months and whether any change was maintained at 12 months. Participants were recruited at the household level and where this consisted of a (married) couple, they had the option to take part as a couple or as individuals. We used walking as our PA, as this is safe and accessible for older people and can be embedded within daily routines. The practice nurse consultations were informed by behaviour change techniques and included goal-setting, building self-efficacy and relapse prevention, supported by handbooks and diaries for individuals. Pedometer step -counts and the accelerometer data provided feedback on activity frequency and intensity to participants. Full details of the trial protocol including the number, length, timing and content of nurse physical activity consultations are available elsewhere [21] . This primary care nurse-delivered pedometer-based walking intervention increased both steps (1037 steps/day 95% CI 513-1560) and time spent in MVPA (66 minutes/week 95% CI 36-96) compared with a control group at 3 months, with between-group differences persisting at 12 months [22) .
To tailor future trials more effectively, we explored why potential PACE-Lift participants declined to participate in the trial [23] and the experience of nurses involved in delivering the intervention [24] .
Despite the significant between-group differences, not all intervention group participants increased their PA. To explore the factors that supported the increase and maintenance of PA long-term following the three-month PACE-Lift intervention, we undertook a qualitative study with a sample of intervention group participants who did and did not increase levels of activity and maintain this at 12 months.
Methods
Approximately 90% of PACE-Lift participants confirmed on the initial trial consent form that they could be approached to participate in the qualitative study. After completion of their 12-month trial followup, potential interviewees from the intervention group were selected purposively, based upon changes in individual step-counts:
1)
Increase on their baseline average daily step count at both 3 and 12 months 2) No increase on their baseline average daily step count at 3 or 12 months
We sought a sample broadly reflective of the gender and age profiles of trial participants. A key feature of PACE-Lift was the option for participants, where appropriate, to participate as either a couple or individuals and we sought to reflect this in our sample. We aimed to recruit approximately [15] [16] [17] [18] [19] [20] participants with increased levels of PA and an approximately equal number of those who did not, continuing until we had reached data saturation in each group.
A female researcher (AR) conducted 20-30 minute telephone interviews due to the dispersed distribution of participants. Couples were interviewed separately. Participants were phoned at different times across the day to maximise participation and provided verbal informed consent prior to the start of the interview. We developed an open ended interview schedule tailored to the specific PA change groups (improvers and non-improvers) focusing upon the facilitators and barriers to increasing and maintaining PA. The schedule was based around the key features of our intervention, informed by previous research examining facilitators and barriers to PA uptake and included core questions supported by probing follow-up questions to elicit further information when needed (See supplementary table 1). Interviews were transcribed verbatim and each coded using thematic analysis by a minimum of two researchers. Differences and discrepancies in theme identification were resolved by discussion at regular team meetings followed by re-coding before reaching consensus on a refined set of themes.
Quotations have been chosen to illustrate the key themes and participants are identified in the text by an anonymized code (indicating respondent number and gender).
Results
We achieved data saturation with a sample of 19 participants with increased PA, and with 11 with decreased PA. Both groups included a range of activity level at baseline (average daily step-count range of 3000-12000 per day) and increases/decreases over the 12 month period showed similar variation (Table 1; supplementary table 2 ). The average change in daily step-count at 12 months was an increase of 1792 steps/day for the improvers and a decrease of 2120 steps/day for the non-improvers.
Improvers and non-improvers were broadly similar across demographic and health parameters: a mean age of 68 years for both groups (range 61 to 75); most participants in both groups were retired, had low levels of pain and disability and were overweight or obese. However, compared with the non-improvers, the group with increased PA had a higher proportion of women, were more likely to have taken part as a couple ( 4 of the 11 non improvers and 12 of the 19 improvers) and had a lower number of chronic diseases (on average 1 per person compared with 2 on average in the nonimprovers). In addition non improvers were less likely to have someone to walk with always or often compared with improvers (6 of 11 compared with 15 of 19). Groups were improvers and non-improvers who increased or decreased their average daily step-count between baseline and 12 month follow-up respectively. 2 Chronic disease score is the sum of different self-reported chronic diseases (e.g. heart disease, diabetes, chronic obstructive pulmonary disease etc) [20] We assumed that 'improvers' and 'non-improvers' would present different themes in relation to their changed levels of PA. However the key themes were broadly similar across both groups, which enhances the credibility of our analysis, with the differentiation between the two groups demonstrated by differences in the strength of the themes and the balance between these perceived enablers or barriers to increased walking ( Table 2 ). For example, social support was both a facilitator and a barrier:
participating in the trial as a couple and having someone to walk with were enablers for the improvers group, whilst lack of social support were barriers to increasing walking for the non-improvers.
All of our 30 participants expressed strong support for the contribution of the nurses and perceived walking as a safe and age appropriate form of activity. They all offered narratives about difficulties of walking related to the weather and about their existing health problems. All but one interviewee made highly positive comments about the value of the pedometer in terms of its ability to provide motivation, feedback on target progression and how much more walking they needed to do. For example participants reported on the revelatory and motivation of the pedometer reading ''you don't realise how much you walk'' (7F) and ''it was encouraging'' (28F). Where negative comments were made about the pedometer, these emphasized practical limitations of the device and it was seen as being problematic for women due to clothing constraints.
Participants characterised by an improved activity profile were highly positive about the intervention, especially the use of the pedometer, the personalised goal setting, the support and monitoring provided by the nurse. Participating as a couple and the generation of strategies to continue their walking, such as embedding activity into daily life and having someone to walk with are the themes that strongly characterise the improvers. Those who did not improve largely made more negative comments about the themes raised , for example raising concerns about the 'repetitive' and limited nature of the feedback from the pedometer and a lack of confidence in the feedback it gave, rather than introducing new factors. 
Discussion
PACE-Lift was the first trial demonstrating long-term (12 month) PA increases, objectively measured by both average daily step-count and MVPA, for older people, resulting from an intervention of four PA consultations with a practice nurse and focusing upon individualised activity goals supported by a pedometer. We sought to understand the factors that supported participants to achieve this [22] . We selected participants from the intervention group who had and had not increased their PA at our 12 month follow-up, as we hypothesized that they would present differing accounts of their experiences.
Although our two groups were of different sizes, we are confident that we achieved data saturation, as no new themes emerged during the final few interviews in either group. Previous research has shown that increasing interview numbers has only a marginal benefit in terms of new themes emerging and that saturation can be achieved with 6 interviews [25] .
Unexpectedly all participants felt that they had benefited from taking part -even those who did not increase their PA and our research did not identify clear differences in the themes raised by our two groups.. Indeed both groups were broadly similar in their social, health and psychological characteristics, although the non-improvers group had more chronic diseases than improvers. The choice of walking as the means to enhance PA in PACE-Lift was validated by our participants' confirmation of this as age-appropriate because it minimised potential exercise-related health risks and is adaptable to existing health conditions. The devices used (the pedometer and course handbook) and nurse support were positively received by most participants. This raises the intriguing question of what were the features of the improvers group that meant that they were able to implemented the skills and techniques provided by the intervention to increase levels of PA.
Key enablers to enhanced and sustained PA related to the behavioural techniques learnt during consultations with the practice nurse: predominantly goal setting and developing strategies to embed activity into their lives. A feature of the improvers was that they were more likely to have participated in the trial as a couple and to have had someone to walk with, demonstrating the importance of social support and other modifiable factors in promoting PA [26] .This may reflect the fact that those in couples were better able to use the behavioural change strategies, as they may have had the opportunity to discuss them with each other and to encourage each other to use them. Our findings resonates with a large UK study demonstrating the importance of partner involvement in successful behavioural change interventions [27] . Whilst social support has always been linked with behavioural change, the source and nature of the support needed to embed behavioural change into daily life remains unclear and would benefit from further research.
Our non-improvers' preferences for a group-based or peer-supported PA interventions and their stated lack of someone to walk with may reflect an increased need for support, given that they have increased levels of chronic diseases, their lack of a partner to participate with, a true preference for group based interventions, or some combination of these factors. However, walking in company is likely to be only one determinant of successful behavior change and thus there is further research needed to identify the other determinants and how specific barrier/facilitators link together to promote successful behaviour change. Non improvers also reported the weather as a barrier and this has been previously reported as a barrier to exercise and walking in older people [28] and adverse weather conditions in the hours before PA exercise programs designed specifically for older adults (≥ 70 years old) were associated with a lower likelihood of class attendance [29] .
Conclusion
The PACE-Lift trial demonstrated that it is possible to increase PA levels in older adults and maintain them long-term via a theoretically grounded primary care based intervention based around goal setting and nurse led PA consultations. Although all participants in the intervention group received the same intervention, some participants increased their activity levels whilst others did not. 3) Now I am going to read out some things that other people have said and would like you to comment as to whether or not these were helpful to your efforts to walk or not, and if so, how:
Cards 4) So now we're going to have a look at the answers you kindly put in the questionnaire about the nurse sessions. I know this was a while ago so I will refresh your memory. So you indicated X, X and X can you tell me a bit more about this?
5) Thinking about your whole involvement in the PACE-Lift project, what was the most useful thing for you?
6) What was the least useful?
7)
What in the PACE-Lift programme could we change in order to make it suit you better? • Not asked to the non-improvers group.
8)

